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ABSTRACT
This paper addresses on study of development of new packaging material comprising Expanded
Polystyrene Spheres (EPS) embedded epoxy polymer based sandwich composites with aluminium skin.
The density of the packing material is controlled by varying the volume of embedded spheres. In this
study, the Flexural and Compression performance of Expanded Polystyrene Spheres (EPS) embedded
polymer based sandwich composites with aluminium skin are investigated. The EPS volume percent in
the core is 25% with epoxy matrix which makes the the density less than 1 g/cm3 for the composite. The
fabricated Sandwich Composite are very light weight, the density is less than 1 g/cm3 so it can able
to float in water. Here for the same volume fraction of 25%. EPS are arranged in square pattern and
hexagonal pattern in the sandwich composites. The compression strength and flexural strength for the two
type of pattern arrangements were studied in experimental method.
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INTRODUCTION
A package is used to protect a product during
storage, distribution and sale. Good packing
material should be specially engineered to handle
in the safest way. Materials such as metal or plastic
are used for packaging applications [1]. Nowadays,
metallic skinned sandwich composite plays a vital
role in marine, aerospace, train and automotive
industries and is a special form of laminated composites which consists of two rigid thin skin sheets
bonded to a thick, light weight flexible polymer
matrix core. Such sandwich composites combine
a high modulus skinning with a thick and light
core, leading to a design structure with maximum
bending strength and stiffness at a minimum weight
of core and skin material combinations [2 - 5]. In
their works, Allen (1961) [6] Zenkert (1997) [7], Gay
et al. (2003) [8] discussed about sandwich composite structures over the past decades and investigated
their general mechanical behaviours. Furthermore,
polymeric epoxy resins are used as a core matrix of
sandwich composites in a variety of structural applications [9]. Adams (2006) reports that the strong and
stiff skin sheets which are separated by low density
core material leads to a high section modulus [10].
However, it is reported that the mechanical properties displayed by any epoxy composites without
reinforcement materials are much lower than
those required by engineering structural materials. Hong-wei He and Feng Gao (2015) investigated
about the flexural properties of carbon fibre reinforced epoxy composites and found to be improving because of fibre reinforcement [11]. Recently, a
class of closed cell foam termed as syntactic foam
are used as core material of sandwich composites
which are formulated by dispersing rigid hollow particles in the epoxy resin matrix [12 - 14]. Moreover,
Gupta et al. (2002) reported that the usage of syntactic foams as core material in sandwich structure
applications ensures high rigidity and compressive

strength of the sandwich structures compared to utilization of other polymeric foams [15]. Woldesenbet and Peter (2007) studied the effect of volume
fraction on the mechanical properties of sandwich
composites with syntactic foam as core material
[16]. Puterman .M et al. (1980) prepared and studied
the structure of syntactic foams and reported that
the density can be varied according to the volume
fraction of the hollow sphere of the foam [17]. So,
it is observed that the inclusion of light weight rigid
spheres in an epoxy resin core of sandwich composites with various volume fractions varies its density
and an investigation on their buoyancy and mechanical properties is an interesting field of research.
In this study, aluminum skinned, Expanded Polystyrene Spheres (EPS) embedded epoxy polymer
matrix core sandwich composites with different volume
fraction of EPS are fabricated and their buoyancy characteristics are examined. EPS is also referred to as
Thermo Cool spheres which are made from petroleum
by products. The major characteristic of expanded polystyrene is its weight to volume ratio and is less expensive compared to other foam materials. Further, EPS
is moisture resistant, easier to handle, and can be used
with epoxy resin and shaped easily by hand. However,
when combined in a sandwich panel they produce
a structure that is stiff, strong and lightweight [18].
Furthermore, the epoxy polymer matrix core density
can be varied by changing the EPS volume fraction.
Expanded Polystyrene/Epoxy Sandwich Composites
with 25% EPS volume samples are fabricated by hand
lay-up method, and the flexural strength, compressive
strength, and density are investigated by having two
types of packing pattern of arrangement of the spheres
namely square and hexagonal in the core.
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MATERIALS AND METHODS
Materials
The sandwich composites are composed of two
parts, the skin on the exterior and the epoxy polymer
matrix embedded with rigid spheres in the core.
The materials required for the sandwich packaging
material are a 0.2 mm thick Aluminium Alloy1050A
sheet which acts as skin, Bisphenol - A which is a
low molecular weight pre-polymer epoxy resin with
a suitable poly-functional curatives named as curing
agent, and reinforcement rigid expanded polystyrene spheres to act as core. Commercially available,
Bisphenol-A epoxy resin ( Trade name -Araldite Ly
556) is used as pre polymer of the core of the sandwich
composite is cured with curing agent / hardener
(Trade name Aradur HY 951) leads to a thermosetting polymer and adhesive to the aluminum skin.
Further, the density of the sandwich composites can
be reduced by reinforcing the polymer matrix core
with low weight Expanded Polystyrene (EPS) spheres
and be controlled by the volume fraction of EPS.

Preparation of Expanded Polystyrene/Epoxy
Sandwich Composites
Aluminum skinned, EPS embedded epoxy polymer
based sandwich composites are prepared by a standard
hand lay-up method, which is a cost effective and the
easiest method as there is no need of any special equipment. The EPSs are arranged with two types of pattern
namely hexagonal pattern (HX) and square pattern (SQ)
as shown in Figure 1. Composite structure samples with
dimensions 250 mm X 25 mm X 8 mm thickness are
made by Hand Lay method as described below.
An aluminum skin is placed at the bottom of the
mold and required amount of EPS spheres are placed
over the bottom skin. The Bisphenol -A epoxy resin
and curing agent / hardener are mixed in the correct
ratio and poured into the mold and allowed to polymerize to form as a thermoset. Much care must be taken to
avoid the transition of EPS spheres during the pouring
process. In this work, a top open mold with 100 mm
length, 25 mm breath and 8 mm depth made of tetra
pack paper board which consists of six layers used to
seal the epoxy resin and protects from the environmental moisture. A wax coating is provided in the inner

Fig. 1a : Hexagonal (HX) pattern Arrangement

Fig. 1b : Square Pattern (SQ) Arrangement
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side of the mold which avoids the bonding of resin with
the mold during the curing process. After preparation
of the mold, an aluminum skin of thickness 0.2 mm is
placed inside at the bottom of the mold. According to
the volume fraction of the sample, the required amount
of EPS spheres is calculated by equation

ambient temperature without any disturbance. After
curing, the sandwich structure is removed from the
mold and the unwanted spillage of the resins on the
composites is removed by using surface grinding operation. Samples namely WS-25-HX and WS-25-SQ,
which consist of 25% of EPS respectively are prepared
and shown in Figure 2.
Experimental Methodology

where VEPS is the volume fraction of EPS, mEPS
is the mass of the EPS, mcore is the mass of the epoxy
core of the composite [19]., ρmatrix = 1.17g/cm3 is the
density of the epoxy matrix and ρEPS = 0.016g/cm3 is
the volume density of the EPS. mcore is the total mass
of the core is calculated from the weight of the cured
sandwich composite by subtracting the weight of the
aluminium skins. The required EPS spheres are placed
at equal distribution over the bottom skin the composite. Initially, the EPS spheres are glued at its place so that
the transition of the spheres during the pouring process
of the epoxy resin mixture is avoided. Then, the epoxy
matrix material is prepared by mixing the Araldite Ly
556 epoxy resin and Aradur HY 951 hardener at a ratio
of 10:1 and this mixture is poured into the mould. These
resin mixture flows into the gap available between the
EPS spheres and create the bonding between the skin
and the EPS spheres. Finally, the top aluminum skin
is placed over EPS embedded epoxy resin mixture
and allowed to cure for a period of three hours at the

Fig. (2a): Sandwich composite samples for Compression Test

Quasi static flatwise compression, edgewise and
length wise lateral compression tests are conducted
on the sandwich samples prepared with Hexagonal
and Square type of arrangements of EPS spheres
and the mechanical properties are investigated.
Flatwise compression test evaluates the compressive strength in the direction perpendicular plane
of the sphere arrangement in the sandwich samples
and edgewise and lengthwise lateral edge compression test evaluates the sandwich failure types like
skin sheet buckling, skin sheet compression failure,
and core and sphere compression failures. The schematic arrangement of these tests is shown in figure 3.
Apart from compressive testing, flexural testing also
performed to determine the core and sphere shear
stress, face bending stress and sandwich deflection.

Fig. (2b): Sandwich composite samples for Flexural Test
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Density of the Composite

Figure 3: (a) Flatwise (b) Edgewise (c) Lengthwise
compression tests

RESULTS AND DISCUSSION
In this work, the strength of sandwich composite samples with two types of EPS spheres arrangements are evaluated in a Universal Testing Machine
of 1000 KN capacity as shown figure 4.

In this research, it is aimed to reduce the weight
of the so that it can be floated in water, the density of
the sandwich samples are brought less than one. The
density of sandwich composite is characterized by
the volume fraction of EPS spheres embedded in the
core resin matrix. So, the density is calculated theoretically by its theoretical masses of EPS, epoxy resin and
aluminum skins and the theoretical volume of composite specimen. The theoretical mass of the core of
the composite is calculated according to the volume
fraction of the elements of the core and the mass of two
skins are added up. Finally the theoretical density is
0.97 g/cm3 achieved by having 25% volume fraction
of the core, which is less than water density and so the
composite is able to float in water which is demonstrated and shown in figure 5.

Fig. 5: Floating of Sandwich Composite Sample in Water
Fig. 4: Universal Testing Machine
For the understanding purpose, the sandwich
samples having hexagonal pattern sphere arrangement
is named as WS-25-HX and square pattern arrangement
is named as WS-25-SQ. WS refers to work sample, 25
indicates the volume fraction of spheres in the core and
HX/SQ represents the sphere arrangement pattern.

Experimentally the density of the sandwich composite is tested in a glass tank with dimension 500x300x300
mm. Approximately, half of the glass tank is filled with
water and the samples are dropped. It is observed that,
practically, sandwich specimen with 25% volume EPS
embedded composite floats over water, so the actual
density value of the composite is lower than water, which
is equal to the theoretical density value.

Fig. 6: Specimen after Flatwise compression test
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Table 1: Flatwise Compression strength

Flat wise compression test result

Edge wise compression test result

Quasi static compressions tests are performed as
per the orientation of the sandwich samples. The flatwise
compression is performed on the Universal Testing
Machine with a speed of 4 mm/min and the sandwich
samples with size 25 X 70 X 8 mm and the cross section
area is 1750 mm2 which is greater than 650 mm2 as recommended by ASTM C 365-00 standards. The deformed
specimen after the compression test are shown in figure
6.The flatwise-compressive strength, maximum load
and maximum displacement of the samples WS-25-HX
and WS-25-SQ are listed in the Table 1.
From the table 1, it is observed, that the flatwise-compressive strength of the samples is not
having any significant change in in the flatwisecompressive strength with respect to pattern of
arrangements. As the volume fraction is same for
both samples and the load applied is perpendicular
to the plane of the sphere arrangement, there is no
significant variation in the compressive strength.

The edgewise lateral compression test is also performed in the Universal Testing Machine, with the
speed of 4 mm/min. Here, the dimensions of samples
are preparead according to ASTM C 364-99 standard.
For this test, specimen is prepared with the following criteria: it should be in rectangular shape, width
of the specimen should be at least 50 mm minimum
or greater and the unsupported length should not
exceed eight times the total sandwich thickness
[20]. The speciment is manually creeped in between
the plates of the univesal testing machine upto the
contact point and the ram is moved till the specimen
is broken. The loaded samples during the edgewise
compression test are shown in figure 7.

7(b)

7(a)

7(c)

Fig. 7: (a) initial (b) delamination of skin (c) core crashing of Samples during Edgewise Compression Test

Table 2: Edgewise Compressive strength
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(a) Initial

(b) Starting of Deformation

(c) Delamination of skin

(d) Crashing of core

Fig.8: Specimen during Lengthwise Compression Test
The edgewise-compressive strength, maximum
load and maximum displacement of the samples
WS-25-HX and WS-25-SQ are listed in the Table 2.
From table 2, it is observed that maximum displacement of the specimen is significantly higher in
the square pattern arranged specimen over the hexagonal pattern arranged specimen. It indicates in the
edgewise compression test that hexagonal pattern
arrangement in the core is more rigid to deform even
though the skin delamination occurs. But, there is
no significant variations in the compressive strength
with respect to pattern of arrangements.

Lengthwise compression result
The lengthwise compression test provides the
buckling behaviour of the sandwich sample and is also
performed at a speed of 4 mm/min. Here the specimen
are prepared according to ASTM D7249 standards

Fig. 9: Faliure pattern of specimen during
Lengthwise Compression Test
Table 3: Lengthwise compression
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and is also creeped manually till the ram toches the
top surface and then apply the load. The deformed
sandwich samples during the test is shown in figure 9.
The deformed and broken sandwich samples of
both hexagonal and square pattern arrangements, after
applying the bucking load were shown in figure 9.
The lengthwise-compressive strength, maximum
load and maximum displacement of the samples
WS-25-HX and WS-25-SQ are listed in the table 3.
From table 3, it is observed that the maximum
load of samples with square pattern arrangement is
less that hexagonal pattern arrangement. So, it is
inferred that arrangement of the spheres is playing
a vital role in buckling.

Fig. 11: Failed Sample after Flexural Testing

Fig. 10: Four point Flexural test
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Flexural test result
Flexural strength, also known as modulus
of rupture, bend strength, or fracture strength, a
mechanical parameter for brittle material, is defined
as a material’s ability to resist deformation under
load. In order to determine the static behavior of
the sandwich sample, four-point bend test was performed to according to ASTM standards as listed in
C393M. The bending of sandwich sample at various
stages during the test is shown in figure 10.
The deformed specimen after the flexural test is
shown in figure 11.
From the figure 11, it is inferred that the
aluminum skin, which is subjected to tension during
the loading, is strained more and the initial crack is
propagated and the epoxy core is sheared out.
The flexural strength and maximum displacement of the samples WS-25-HX and WS-25-SQ are
listed in the table 4.
From table 4, it is observed that the maximum
load of samples with hexagonal pattern arrangement
is less than that of the square pattern arrangement.
Flexural Strength σ = 3FL/(4bd2), where, F is
the load (force) at the fracture point (N), L is the
length of the support span is width and d is thickness for the 4 point bending, using the above formula
flexural strength of the sandwich composite is calculated. Due to arrangement of spheres in the hexagonal pattern, the specimen is experiencing more
displacement during the flexural test.

CONCLUSION
In this work, a light weight sandwich composite
material with aluminum skin and expanded polystyrene sphere embedded epoxy resin core material
is fabricated by hand lay process. By varying
the volume fraction of EPS spheres in Bisphenol - A epoxy resin core the density of the composite material is controlled. It is calculated that
25% volume fraction samples are having less than
density of the water theoretically and found to be
floating over water. Further, the EPS spheres are
arranged in hexagonal and square pattern and the
compression and flexural properties are studied.
The compressive strengths are tested for three orientations namely flatwise, edgewise and lengthwise. It is observed, there is no significant difference in flatwise test due to the pattern arrangements of the sphere. Further, the linear displacement of the square pattern is more in edgewise and
lengthwise orientations and withstanding load is
better in hexagonal pattern in lengthwise test. In
addition, flexural test indicates that the composites
samples with square pattern of arrangements are
having a maximum flexural strength of 41.8MPa
and 39.3Mpa in hexagonal pattern.

Table 4: Flexural strength of Sandwich Composites
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